A Neurospora in vitro transcription system has been developed which specifically and eTFiciently initiates transcription of a cloned Neurospora crassa ribosomal RNA gene by KMA polymerase 1. The initiation site of transcription (both in vitro and in vivo) appears to be located about 850 bp from the 5' end of nature 17S rRHA. However, the primary rRhA transcripts are normally cleaved very rapidly at a site 120-125 nt from the 5' end in vitro and in vivo. The nucleotide sequence surrounding the initiation site has been determined. The region from -16 to +9 exhibits partial homology to the corresponding sequences from a wide variety of organisms including yeast, but the most striking similarity is to the initiation region from Dictyostellun discoldeum which displays 73Z homology to the Neurospora sequence from -23 to +47. The Neurospora sequences from -96 to +97 have been shown to be sufficient for transcription. This region contains two sequences displaying 8/9 bp matches to elements of the 5S rDNA promoter.
16).
Neurospora crassa is a useful organism for examining the role ot gene regulation in ribosome biogenesis since it has a well-studied genetic system the large rKNA genes (17) and 5S rRNA genes (18) have been cloned, and UNA polymerase II (19) and RNA polymerase III (20) in vitro systems have been developed. We report here the development of an accurate and efficient KNA polymerase I transcription system from Neurospora
We have used the system to localize the initiation site of rKNA transcription and to show that the 5' end of the primary transcript is rapidly processed. We have determined the nucleotide sequence of the UNA surrounding the initiation site and have localized the region required for transcription initiation.
MATbRIALS and METHODS

Strains and Plasmids
The _N-crassa strain normally used for transcription extracts was 105C 
Isolation of Transcription Extracts
Transcription extracts were isolated exactly as described (19, 20 Transcription products were detected by autoradiography and their sizes determined by reference to DNA standards.
To quantitate transcription, specific transcripts were localized by autoradiography and excised from the gel. The gel slices were then counted by Cerenkov counting in water. To provide a background an identical sized gel slice was excised from the gel immediately above the region of each specific transcript.
5' End Mapping of Transcripts and in vivo RNA
To Isolate specific transcripts, the transcription reaction was scaled up four-fold and the [a-P] UTP reduced to 0.25 pCl Reactions products were fractionated as usual by electrophoresis on 0.2 mm sequencing gels. Specific transcripts were located by autoradiography excised from the gel and eluted from the gel slices by soaking in 1 ml 0.5 M NaCl, 10 mM Tris.HCl pH 7.4, 1 mM Naj EDTA 0.2Z N-Lauryl-Sarcoslne (Sarkosyl) overnight with shaking at room temperature. The eluted RNA was precipitated by addition of 5 pg Ji. coll RNA and 2.5 volumes of ethanol. To provide control RNA to monitor detection of transcripts endogenous to the extracts, the preparative reaction was carried out in the absence or template DNA, and the reaction products tractionated by electrophoresis. If appropriate, the products were first treated with RNase.
By reterence to an adjacent trade containing the relevant specific in vitro transcript, an appropriate size fraction of the endogenous RNA was cut from the gel and eluted. 5' end mapping of the recovered In vitro transcripts and of Neurospora RNA was as described (22) . Neurospora RNA was isolated as described (22) .
DNA Sequencing
DNA fragments were labelled at the 5' positions using calf alkaline phosphatase and polynucleotide kinase (23) . Where necessary, 3' overhangs were converted to 5' overhangs using the 3' exonuclease activity of T^ DNA polymerase. Labelled fragments were purified and sequenced by chemical degradation (23) .
RESULTS
Specific Transcription of Neurospora rDNA
The 5' end of mature Neurospora 17S rRNA has previously been shown to be located near the unique Xbal site in the 9 kb rDNA repeat (17) . In order to assay crude Neurospora extracts for the ability to initiate specific RNA polynerase I transcription, the 1.65 kb region upstream of the Xbal site was subcloned for use as a transcription template. Figure 1A shows a restriction map of this region. Template DNA was digested at a variety of positions with restriction endonucleases and incubated with a crude extract previously shown to specifically transcribe Neurospora 5S rRNA and tRNA genes (20). Figure IB shows that when the template DNA was cleaved with Xbal, a predominant 700 nt run off transcript was produced (track a), suggesting that there was a specific KNA polymerase I initiation site 700 bp upstream from the Xbal due to an RNA polymerase (24) , however it was not inhibited by 1 mg/ml aamanitin (track d), indicating that RNA polymerase II was not responsible for the transcripts (19) . To rule out SNA polymerase III, which is also resistant to o-amanitin (20), as a source of the transcripts, the template sequences downstream or the EcoRI site were replaced with pbR322 plasmld sequences containing one Tt and two Tc sequences ( figure 1A) . TV, and especially Tg sequences act as efficient terminators of KNA polymerase III transcription in Xenopus (25) and in Neurospora-(B. Tyler, unpublished). Figure 1C (track e)
shows that transcription from the putative rDNA initiation site proceeds through all three potential termination sites to an XmnI cleavage site in the plasmid sequences of the template, producing an 840 nt transcript and ruling out RNA polymerase III as the source of the transcripts. Transcription therefore appears to be due to KNA polymerase I.
Properties of the Transcription Reaction
The crude Neurospora extracts used for the RNA polymerase I transcription system were Identical to those used for Neurospora RNA polymerase II (19) were obtained at the lowest template DNA concentrations (less than 0.1 Pg/ml) whereas at template concentrations which gave maximum specific synthesis (for a given amount of extract) the template efficiency was relatively low (1) (2) (3) transcripts/gene/20 min).
Primary rDNA Transcripts are Rapidly Processed Near their 5' End
In addition to the run-off transcripts, a prominent 120 nt RNA was transcribed from the rDNA (not present on the gel shown in figure 1 ). The origin of this transcript was localized to the region between the Xhol and Sstll sites, close to the putative RNA polymerase I initiation site ( figure   1A ) because, as shown in figure 3A , it was generated from subcloned rDNA templates terminating at the Pstl (track a) and Sstll (track b) sites, but not from one terminating at the Xhol site (track c).
To determine if the 120nt RNA might be cleaved from the 5' end of the primary rRNA transcript, a 5S rRNA gene devoid of its terminator sequence (B. To confirm that the 320 nt dsKNA transcript was generated by transcription through the processing site and to determine whether transcription proceeded through that site in vivo, the 320 nt transcript or total Neurospora RNA were hybridized to a Sstll-Dral DNA fragment spanning the processing site and 5' end-labelled downstream at the Satll site (probe iJ in figure 5D ). To determine if the 190 nt ssRNA transcript generated by run off at the PstI site ( figure 1, track d) , and the 200 nt dsRNA transcript generated from the inverted repeat template ( figure 4B, track a) had the same cleavagegenerated 5' end, and to determine if the cleavage event observed in vitro also occurred in vivo, the 190 nt or 200 nt in vitro transcripts, or total Neurospora RNA, were hybridized to a DNA fragment 5' end-labelled at a Hpal site 130 bp downstream from the processing site (probe C in figure 5D ). Figure 5C (tracks a and c) shows that the two in vitro transcripts have identical 5' ends. Since both should also terminate at the same PstI site, the difference in mobility of the two transcripts must result from secondary structure differences or from differences in the processing of their 3' 6 6 A AA-6 A G C 6 A 6 C 6 G T A A 6 A C T G C T C 6 G T C 6 T C C C 1 6 C C 1 C C 6 G C U C C T C T T AC A G 6 7 6 T 6 6 G C A A 6 G AC6_LA_£A6 •120 *\<C •160 •180 Since we were interested in the relationship between transcription of the large cRNA and 5S rKNA genes, we compared the sequence of the 5S rRNA gene and surrounding region (18) with that of the large rKNA promoter region. Two significant homologies were observed. The sequences, -62-GAAAAGTCG and -25-CCAUACTCG in the large rRNA promoter closely resemble the 5S rDNA sequences, +21-GAAAACTCG and +68-CCAGACTAG respectively, displaying 8/9 matches in each case ( figure 6 ). The precise biological significance ot these homologies is uncertain. In the large rRNA promoter, -62-GAAAAGTCG occurs with the region required for transcription, and a similar region (-61 to -56) is conserved between yeast species (27) . Moreover, the 5S rDNA counterpart is required for 5S rKNA transcription (fl. Tyler, unpublished). Similarly, +68-CCAGACTAU constitutes part of another element of the Neurospora 5S rDNA promoter (B. Tyler, unpublished). Its large rDNA counterpart, between -25 and - 17 has not yet been implicated in transcription in Neurospora but a similar region in mouse (-26 to -17) is required for minimal levels of transcription in vitro (11) and contains a sequence conserved in humans (28) . The occurrence of these two sequences in both the large rDNA and the 5S rDNA promoter regions raises the possibility that in Neurospora there may be direct co-ordination of the transcription of these two gene families.
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